ABSTRACT OBJECTIVES: Adulthood overweight and obesity are multifaceted conditions influenced by a combination of biological, environmental and socio-cultural factors across the lifespan. Using a longitudinal study design, we aimed to identify determinants of adulthood overweight and obesity, in relation to: 1) childhood and life course factors, 2) geographical differences in air quality, and 3) gender-specific factors, in a cohort followed from childhood into adulthood.
A ccording to the World Health Organization (WHO), the global prevalence of obesity, defined as body mass index (BMI) of ≥30 kg/m 2 , has doubled in the last three decades. 1 Similar trends were observed in the Canadian population, with nearly 14.3 million aged 18 years and older (61.8% men, 46.2% women) categorized as either overweight or obese in 2014 -an upsurge from 2003. 2 Although provincial and territorial variations exist due to region-specific characteristics, 3 a predictive analysis anticipated that by 2019, nearly half of all Canadian provinces would have more overweight or obese adults relative to normal weight. 4 Adulthood obesity is a global health concern, which has consistently been associated with insulin resistance, type 2 diabetes, cardiovascular diseases, asthma, stroke, osteoarthritis, and various types of cancers. 5, 6 These co-morbidities adversely impact the quality of life, longevity, as well as educational and occupational prospects of overweight and obese individuals. 7, 8 Social and psychological correlates of excessive weight, such as low socio-economic status, depression, low selfesteem and discrimination, are also well documented. 9, 10 While the precise aetiology of adulthood overweight and obesity is multifactorial, childhood factors may play vital contributory roles due to tremendous physical and psychosocial development associated with early life stages.
Previous investigations have highlighted early determinants of high BMI in adulthood, which include high birthweight, high pre-pregnancy maternal and post-birth childhood BMI, early menarche, high dietary intake, low socio-economic status and low levels of physical activity. 10, 11 Feeding and parenting styles have also been suggested as determinants. 12 Additionally, investigations have implicated air quality to be an important modulator of long-term weight status. 13 For example, a recent animal study in pregnant rats exposed to Beijing's unfiltered air showed evidence of weight gain, and offspring were heavier preand postnatally with accompanying lung inflammation, systemic oxidative stress and enhanced proinflammatory markers. 13 Daily inhalation rates tend to be higher in overweight and obese human adults, 14 which may result in a greater intake of air contaminants.
However, it remains unclear whether chronic exposures to air pollutants early in life have any association with BMI or psychosocial well-being in adulthood. Chronic exposures to air contaminants can have significant long-term health consequences, especially in children due to their developmental stage, underdeveloped immune system, proportion of time spent outdoors, and relatively smaller and immature lungs. 15 Using a 30-year exposure and health data initially collected from a cohort of children residing in Hamilton (Ontario, Canada) during 1978-1986 and from follow-up research in 2006, we aimed to assess childhood and life-course determinants of weight status in adulthood. Complete details of the original program are described elsewhere. 16 Specifically, the original study took place in four geographically-distinct neighbourhoods in Hamilton -a city with a legacy of air-quality issues due to the industrial nature of its economy. The city experienced an air-quality gradient across the four neighbourhoods, with East Lower (EL) bearing the highest levels of air pollution due to its proximity to the industrial core relative to Hamilton's other three neighbourhoods: West Lower (WL), East Upper (EU) and West Upper (WU) (Figure 1 ). 16, 17 WU region experienced relatively lower levels of air pollution. 17 This natural arrangement provided a unique opportunity to study the role of early air-contaminant exposures on weight status in adulthood. Furthermore, a combination of macro-and micro-environmental factors were examined in relation to weight status in adulthood, using the Life Course Health Development (LCHD) model as a guiding framework. 18 The LCHD model conceptualizes these macro-and micro-environmental contexts along with mechanistic and regulatory processes into an overall integrative framework ( Figure 2 ). Using a longitudinal design with participants from distinct neighbourhoods of Hamilton, this study also incorporates the time and place elements of LCHD to identify predictors of weight status in adulthood. Our study objectives were to: 1) apply the LCHD framework to assess childhood and life course determinants of weight status in adulthood, 2) evaluate associations between adulthood weight status and geographical differences in air quality, and 3) assess gender-specific factors associated with weight status in adulthood.
METHODS

Data source
Data from childhood were acquired from the original research program (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) , which included a cohort of 3202 children residing in four neighbourhoods of Hamilton. 16, 19 1978/1979, 1980/1981, 1981/1982 and 1983/1984 . Exposure estimates were modelled using location of schools the children attended during 1978-1986, and a large network of monitoring sites in Hamilton (details published previously). 16, 19 Second, exposure was assessed by dichotomizing participants based on whether they were exposed to each air pollutant above or at/below median per sampling period (Table 1) . Finally, exposure indices were created for TSP, PM 3.3 and SO 2 to indicate frequency of exposure above or at/below median across all sampling periods. As environmental exposures to air pollutants have previously been linked to respiratory, 19 non-respiratory, 17, 19 and inflammatory disorders, 21 these air-quality indicators were analyzed as independent variables. 
Macro-environmental variables at childhood and adulthood
In addition to ambient air-quality assessments, data related to demographic and residential domains were included as part of participants' macro-environment in childhood. Demographic variables included age, gender and household income dichotomized as below versus at/above low-income cut-off. Residential variables comprised neighbourhoods of residence in Hamilton, and whether participants were exposed to second-hand smoke. These variables captured early macro-environmental effects, which may impact adulthood BMI.
Several macro-environmental variables from adulthood were also included. Four dichotomized variables captured the adulthood demographical data: education, current household income, ethnicity and housing tenure; whereas, occupational information included employment status, type of occupation, and length of occupational exposures to gas/dust/contaminants. Residence in Hamilton (always or not) was dichotomized under residential history domain. Residential indoor air quality was surveyed using four binary variables: use of air conditioner/humidifier/filter, type of heating, air-duct cleaning and cooking method. One variable measured duration of residence (< versus ≥5 years) in buildings . Macro-environmental context includes health determinants related to demographic, residential, environmental, occupational, health care, family and social environments (1); whereas, micro-environmental context includes biobehavioural determinants associated with functioning of behavioural, physiological and psychological systems, such as the immune and respiratory systems (2A). Mechanistic and regulatory processes depict developmentally programmed processes that can modulate micro-environmental context (2B). Macro-environmental factors interact with each other and with micro-environmental factors -which are in turn influenced by mechanistic and regulatory processes. These dynamic and multi-contextual interactions are modulated by environmental exposures and determine health outcomes over the life course (3). constructed pre-1950 as an exposure indicator to harmful chemicals, such as lead and asbestos, commonly used in construction material in that era. Lead and asbestos exposures have previously been linked to changes in inflammatory markers. 22, 23 Indicators of health care accessibility were evaluated in terms of whether access to regular family doctor and whether additional health insurance beyond provincially-funded coverage were available. Marital status and parental record of asthma or respiratory problems (at least one versus none) were evaluated as part of family environment. Finally, information regarding the social environment was gathered using social contact and group participation scales of Social Health Battery. 19 Further details are presented in Table 1 .
Micro-environmental variables in childhood and adulthood
Variables comprising participants' micro-environment at childhood were derived from behavioural and physiological domains. Smoking one or more cigarettes per day for more than 6 months captured the behavioural context; whereas, physiological domain included childhood weight status and the following binary determinants: presence of asthma in childhood, persistent morning or day/night cough, persistent wheeze and chest illnesses/colds before age 2. Airway obstruction was assessed as ratio of forced expiratory volume in first second (FEV 1 ) over forced vital capacity (FVC) at/below median. At follow-up, behavioural context was further explored by surveying whether the participant: was a current smoker, was ever a daily smoker, engaged in regular alcohol consumption and performed physical exercise exceeding 30 minutes for ≥3 days/ week. Weight status and a diagnosis of high blood pressure were measured as physiological variables. Adulthood psychological context was captured by several factors that gathered binary data on stressful life events, concern over air pollution, emotional distress (scoring ≥4 on General Health Questionnaire), self-rated health, and general feelings about income, health and life. These early and life course determinants were analyzed as independent variables. Further details are presented in Table 1 .
Statistical analyses
Data were analyzed using SPSS v20. Descriptive statistics of outcome (dependent) and explanatory (independent) variables were calculated and analyzed. Chi-squared (χ 2 ) tests were used to compare weight categories at adulthood with each of the categorical independent variables. Those variables meeting a threshold of p < 0.10 at this bivariate analysis were entered into a series of multivariate logistic regression models, using forwardstepwise entry procedure. Our first model generated best predictors of adulthood weight status in the entire sample. To examine relative roles of ambient air quality, exposure indices of TSP, PM 3.3 and SO 2 were forced into this "best-fit" model to generate a second "exposure" model. Interactions of interest were examined. Finally, multivariate logistic regression models were created to analyze gender-specific determinants of adulthood weight status by stratifying the sample on gender. For each variable in logistic regression models, one category was selected as reference and other categories were compared against this reference. Significance, odds ratios (OR), 95% confidence intervals (CI) and pseudo-R 2 values
were noted.
RESULTS
In childhood (mean age, 8 years), 72% of participants enjoyed a healthy weight; this declined to 33% in adulthood (mean age, 36 years) in the same cohort. Bivariate analyses indicated significant differences between weight status in adulthood and the following macro-environmental variables: gender, neighbourhood of residence in Hamilton during childhood, current exposure to smoking at home/work, type of occupation, duration >5 years of occupational exposures to gas/dust/contaminants, and additional health insurance coverage (χ 2 , p < 0.05). Likewise, significant micro-environmental determinants included childhood weight status, asthma, high blood pressure in adulthood, self-rated health, and negative feelings about income, health and life (χ 2 , p < 0.05) ( Table 1) . Childhood weight categories predicted BMI values in adulthood (F 2,312 = 39.3, p < 0.001) (See Supplementary Figure 1 , in the ARTICLE TOOLS section on the journal site). Note: TSP = total suspended particulates; PM 3.3 = particulate matter with aerodynamic diameter <3.3 μm; SO 2 = sulphur dioxide; GHQ = general health questionnaire. * p < 0.05; ** p < 0.01; *** p < 0.001. † Data collected at childhood.
PREDICTORS OF ADULTHOOD OVERWEIGHT AND OBESITY Predictors of overweight and obesity in adulthood
The "best-fit" model showed that being overweight in adulthood was predicted by male gender (OR = 2.88) and duration >5 years of occupational exposures to gas/dust/contaminants (OR = 1.93). Additionally, residence in WU (OR = 0.33), EU (OR = 0.37) and WL (OR = 0.40) neighbourhoods in Hamilton during childhood was negatively associated with adulthood overweight, versus living in EL neighbourhood. Obesity in adulthood was associated with male gender (OR = 2.65), self-rated health at adulthood (OR = 7.23) as well as duration >5 years of occupational exposures to gas/dust/contaminants (OR = 3.06). Being overweight (OR = 3.39) or obese (OR = 31.22) during childhood predicted obesity in adulthood ( Table 2) .
The "exposure" model explained additional variance relative to "best-fit" model, as assessed by an increase in pseudo-R 2 . Exposure indices of TSP, PM 3.3 and SO 2 were, however, non-significant and not retained in the "best-fit" model ( Table 2) .
Gender-specific predictors of adulthood overweight and obesity Females
Among females, adulthood overweight was negatively associated with childhood residence in WU (OR = 0.17), EU (OR = 0.18) and WL (OR = 0.11) neighbourhoods compared to EL, but positively predicted by childhood overweight (OR = 4.64) and obesity (OR = 16.08). In comparison, adulthood obesity in females was not linked to residential neighbourhoods, but rather, associated strongly with childhood weight categories [overweight (OR = 4.11); obese (OR = 22.53)]. Other variables predictive of adulthood obesity in females were self-rated health at adulthood (OR = 10.54), having no additional health insurance coverage (OR = 0.27), having high blood pressure at adulthood (OR = 4.99), and always residing in Hamilton region (OR = 4.11) ( Table 3) .
Males
Adulthood overweight in males was predicted by having no additional health insurance coverage (OR = 2.70), and duration >5 years of occupational exposures to gas/dust/contaminants (OR = 2.57); the latter variable was also associated with male obesity in adulthood (OR = 2.79) ( Table 3) .
DISCUSSION
As per our objectives, the study revealed global and gender-specific determinants of adulthood weight gain in a cohort longitudinally followed for approximately 30 years. The associations of overweight and obesity in adulthood with childhood residential neighbourhoods and occupational contaminant exposures are novel findings of this study.
Male gender and prolonged occupational exposures to harmful contaminants were associated with adulthood overweight and obesity. This gender disparity of male overweight and obesity is consistent with Canadian statistics as well as the existing literature that shows higher male prevalence of overweight in high-income countries belonging to the Organisation for Economic Cooperation and Development group. 1, 24 The association of overweight and obesity with occupational exposures has rarely been reported. Note: * p < 0.05; ** p < 0.01; *** p < 0.001. † Relative to "normal weight in adulthood" category. ‡ n for adulthood weight categories (best-fit model): normal = 102, overweight = 117, and obese = 95. § n for adulthood weight categories (exposure model): normal = 102, overweight = 116, and obese = 94.
Suadicani et al. found higher prevalence of obesity among men with blood phenotype "O" who had occupational exposures to airborne pollutants for at least 5 years 25 -a finding consistent with our study.
This effect, however, was not examined among those who were overweight. 25 Jerrett and colleagues recently found traffic sources of air pollution positively associated with elevated BMI in children. 26 Other studies link higher BMI with a range of occupational variables, such as working extended hours per week, 27 and transport and production types of employments, 28 which may exacerbate workplace exposures to airborne contaminants. Although, we found a higher prevalence of overweight and obesity in relation to "manual" type of employment in this cohort, it is unclear whether manual employment exacerbated occupational exposures or contributed to elevated BMI by other mechanisms. As obesity is generally considered a low-grade inflammatory state, 29 it is possible that occupational exposures to pollutants interact synergistically with environmental and genetic risk factors to influence BMI via inflammatory pathways. Undoubtedly, adulthood overweight and obesity are multifaceted conditions determined by complex biological and socio-cultural factors; 24 though some variables may show weightclass-specific associations, as observed in this study. In addition to male gender and duration of occupational exposures, childhood residential regions in Hamilton were significantly associated with adulthood overweight; whereas, childhood weight status was predictive of adulthood obesity (with no regional associations). Specifically, overweight and obese children showed ∼3 and ∼31 times greater odds of obesity in adulthood respectively. This finding suggests a high heritability index of obesity, estimated at greater than 0.70 -a value comparable with other polygenic disorders, such as autism (0.91) and schizophrenia (0.81). 30 As adulthood overweight was not predictable by childhood weight status, but rather associated with residential neighbourhoods in our models, these findings highlight a multifactorial aetiology for adulthood overweight. This may suggest genetic determinants to be less or just as deterministic of adulthood overweight as regional or residence-based characteristics. Accordingly, WU, EU and WL regions were all found to be associated with lesser odds of adulthood overweight in comparison with the EL region, which sustained the poorest air quality. This implicates some role of regional air quality in influencing adulthood overweight, even though our "exposure model" did not highlight significant associations of TSP, PM 3.3 or SO 2 exposures. It is likely that living in a certain Hamilton neighbourhood may influence weight status indirectly, by affecting physical activity levels, food choices or region-specific factors; or directly via air quality-related inflammatory mechanisms. Our results support the notion that adulthood obesity carries a stronger genetic disposition, whereas overweight appears to be relatively heterogeneous with genetic as well as possibly modifiable environmental contributors. A recent study strengthens this complex multifactorial notion as McConnell et al. reported a synergistic effect of early exposure to tobacco smoke and near-roadway pollution with childhood obesity, 31 which in turn is a strong determinant of adulthood weight gain. Gender-specific analysis revealed distinct factors among males and females. Prolonged occupational exposures in males and childhood weight status in females consistently predicted adulthood overweight and obesity. Association of childhood weight status among females may reflect strong biological and Table 3 .
Multivariate logistic regression models showing the gender-specific associations of overweight and obesity in adulthood with childhood and life course determinants 
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socio-cultural factors. It is recognized that females tend to have greater fat mass, smaller height, and lighter overall body weight, which vary based on gender-specific physiological conditions, such as pregnancy, menopause and overall metabolism. 32 Hence, it is plausible to find early weight status, determined in part by biological differences in fat metabolism, distribution and storage, to be associated with adulthood BMI among females. In addition to finding residential influences of air quality, females permanently residing in Hamilton since childhood were also four times more likely to be obese. Whether this implies a greater gender-specific susceptibility warrants further research. Higher blood pressure was also associated with female obesity. Interestingly, obese females and overweight males were less likely to own additional health insurance beyond provincially-funded coverage. In this cohort, a lower proportion of obese worked a "professional" type of occupation, but instead held more "manual" occupations, which may explain poorer health coverage as it is more often offered in professional positions. Additionally, duration of occupational exposures as a prime determinant of BMI among males may also be associated with job-related nature and/or tasks performed. A recent health report from Montreal found higher workplace exposures among males to motor vehicle exhaust, petroleum fractions, polycyclic aromatic hydrocarbons as well as building material and abrasive dust. 33 Finally, overweight and obese individuals commonly reported negative feelings about health, income and life. However, the only factor that entered into our model was self-rated health reported as "fair or poor" among the obese adults, especially obese females. Such negative self-appraisals and psychosocial burden of obesity are confirmatory, which negatively influence quality of life, satisfaction, and overall psychological health of affected individuals. 9 
CONCLUSIONS, LIMITATIONS AND FUTURE RECOMMENDATIONS
Adulthood overweight and obesity are associated with childhood and life-course factors, including residential and occupational contaminant exposures, in a gender-specific manner. Longitudinal nature and inclusion of a multitude of variables guided by LCHD model are major strengths of this study. Certain limitations are noteworthy. Self-reported data have limitations, importantly the recall bias related to the recollection of contaminant exposures. Absence of air-quality data past childhood restricted our examination of chronic air-pollution exposures and prevented analyses on whether improved air quality has a restorative health effect. Data on physical activity, food intake levels, and physiological inflammatory indicators were unavailable. Finally, our reconstructed cohort had a reduced sample size. This loss to follow-up, however, was demonstrated to be unrelated to the health outcomes, residential neighbourhoods, or particulate exposures. 34 Moreover, as our findings are in line with existing literature, we believe that the participant selection process occurred fairly randomly and is unlikely to influence our results. Future studies with larger samples are warranted to replicate the findings and address limitations. RÉSULTATS : La prévalence du poids normal a baissé de façon radicale lors du suivi à l'âge adulte, tandis que celles du surpoids et de l'obésité ont augmenté. Le surpoids et l'obésité à l'âge adulte étaient tous deux associés au sexe masculin et aux expositions professionnelles aux contaminants. Le fait d'avoir habité pendant l'enfance dans un quartier de Hamilton où la qualité de l'air était meilleure était associé à une moindre probabilité de surpoids à l'âge adulte, tandis que l'obésité à l'âge adulte était fortement liée au gain de poids (surpoids ou obésité) durant l'enfance. Chez les femmes, le statut pondéral durant l'enfance a prédit le surpoids et l'obésité à l'âge adulte, les autres variables prédictives significatives étant le fait d'avoir toujours vécu à Hamilton, l'absence d'assurance-santé complémentaire, l'appréciation négative de sa propre valeur et l'hypertension artérielle à l'âge adulte. Chez les hommes, l'exposition professionnelle prolongée à des contaminants s'est révélée être un déterminant unique du gain de poids à l'âge adulte.
CONCLUSION :
Le surpoids et l'obésité à l'âge adulte sont associés, de façon sexospécifique, avec des déterminants de l'enfance et du parcours de vie, dont le statut pondéral durant l'enfance, la qualité de l'air dans le quartier résidentiel et l'exposition professionnelle aux contaminants.
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